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(54) Title: LASER OPTO-ACOUSTIC IMAGING SYSTEM 
(57) Abstract 



The present invention 
provides a system 
and principles of laser 
photo-acoustic imaging and 
tomography. The basis 
for laser photo-acoustic 
tomography is the time 
resolved detection of laser 
induced transient stress 
waves, selectively generated 
in absorbing tissues of 
diagnostic interest. Such a 
technique allows to visualize 
absorbed light distribution 
in. turbid biological tissues 
irradiated by short laser 
pulses. Laser photo-acoustic 
tomography can be used 
for detection of tissue 
pathological changes 
that result in increased 
concentration of various 
tissue chromophore such as 
hemoglobin or development 
of enhanced micro-circulation 
in diseased tissue. The 
invented technology 
combines the advantages 
of pulsed laser excitation 
with time resolved detection 
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LASER OPTO-ACOUSTIC IMAGING SYSTEM 



0 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates generally to the fields of 
optics, lasers and medical diagnostic devices. More specifically, 
5 the present invention relates to a laser opto-acoustic imaging 
system capable of producing a three-dimensional image 
(tomography scan) of human organs. 

Description of the Related Art 

0 Ultrasonic imaging is currently used widely in clinical 

medical practice to detect abnormalities in soft tissue organs with 
acoustic boundaries such as one type of tissue embedded within 
another type. Ultrasonic imaging has, however, several limitations. 
For example, ultrasonic imaging is incapable of detecting 

5 acoustically homogeneous tissues, i.e., when ultrasonic properties 

of all of the tissues scanned are similar). 

■ 

Optical imaging technologies are ; based on time- 

"* * * - * * 

resolved or phase-resolved detection of diffusely reflected light 
pulses or photon density waves. Optical tomographic technologies 

» * « 

0 take advantage of differences in tissue optical -properties for 

diagnostic purposes. However, ubiquitous light scattering in 

tissues has been a great obstacle to laser imaging. 

Optoacoustic spectroscopy methods utilize light to 

excite an object of interest (molecules or atoms). Using acoustic 
5 (piezoelectric) detectors, optoacoustic spectroscopy -methodology 

can measure stress amplitude for obtaining absorption spectra. 

This represents not an imaging or tomographic technology per se. 



4 

0 
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Principles of laser optoacoustics, i.e., methods of stress 
generation and detection have been described. Relationships 
between -spatial distribution of acoustic sources and temporal 
profile of laser-induced stress waves have been derived. However 
methods of 'laser optoacoustics have not been proposed as means 
for medical ' diagnostics. 

- ■ ... * 

. The prior art is 'deficiehf in the lacic of functional laser 
opto-acoustie -imag'in'g system', "the pVe^enT invention fulfills this 
longstanding he6d : and I desire in ! the art. : ' * 

• ' • ■ ■ l ■.■ *y tf. • • ■ i - -» . ' « . • : . ■ . . . • - 



'*•« -,■ * , I . . - - . ■ i . , 

v •-> . > • ■ - , ; '. • ■ - ... i ... 



■ • ' ■ ...,>». i i . 1 J, 
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SUMMARY OF THE INVENTION 



Photo-acoustic ultrasound : technology for medical 

5 imaging has been described in the' prior art. However; the prior art 
has hot understood arid correctly manipulated three principles of 
laser optoacoustic imaging important for sensitivity, spatial 
resolution and correct interpretation of images. These principles 
are: '(l) short-pulse laser irradiation to generate transient stress 

0 waves under conditions of temporal stress confinement. Such 
irradiations provides the highest possible amplitude of generated 
stress with profiles resembling that of light distribution in tissues, 
which yields sharp images with accurate localization; (2) time- 
; resolved detection of a stress profile for obtaining diagnostic 

5 information hot from the fact of any" signal detection, but from the 
temporal profile of generated stress wave; (3) use of wide-band 
piezoelectric detectbrs to correctly reproduce stress profiles 
(acoustic waves' with wide spectrum of ultrasonic frequencies) to 
obtain 1 high spatial resolution of tomography. The laser opto- 

0 acoustic' imaging system (LOAIS) of the present invention partially 
combines elements of (1) ultrasonic scanning, (2) optical time- 
resoived tomography and (3) selective pulsed excitation of tissue 
heterogeneous structures and time-resolved detection of laser- 
induced stress waves for obtaining detailed medical diagnostic 

5 information. 

" The present invention is' directed to both a technique 
and a device and can be used to image a complex tissue structure 
on the basis of opticar contrast. The technique of the present 
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invention uses a pulsed laser to slightly but quickly heat a specific 
tissue region with an optical obsorption that differs relative to its 
surroundings. This slight heating converts to, ai T pressure wave, i.e, 
a sound wave which propagates outward ffpm, the source of the 
5 heating. A transducer detects the time, magnitude and. slfape of 
the arriving pressure waves. The transducer . may be a 
piezoelectric transducer at { the tissue surface or an imbedded 
transducer. The laser pulse mus| \?e sufficiently , short to allow the 
pressure to build up before the/, pressure, ca^n dissipate at the 
1 0 speed of sound (approximately 1500 m/s). For example, a 10-ns 
laser pulse can image absorbing objects with the spatial resolution 
of (1500 m/s) . (10 ns) ?J = J.5 , )im. Thus, the invention allows 
imaging of tissue structures with high spatial resolution within 
turbid media such as biological tissues. The imaging techniqifes of 

1 5 the present invention are based on optical contrast rather than 

■ * . * ■ i . . * ' l ' ' : • ■ : . 

density changes such as in ultrasound, magnetic resonance 
imaging or x-ray computed tomography. The method of the 
present- invention, therefore, can be used, to image contrast objects 
not well imaged by these other state of the, art imaging 

2 0 techniques. v 

In one embodiment of the present invention, there is 

provided a method of diagnosing a diseased tissue t within a normal 
tissue using laser optoacoustic tomography, comprising the steps 
of: irradiating the surface of the . normal tissue with at least one 

w a 

2 5 laser pulse so as to pejpetrate to a sufficient depth and selectively 

heat a small volume or layer of diseased tissue wjth a higher 
optical absorption; causing the diseased tissue to,, produce a stress 
wave with a profile resembling that of diseased, tissue, said stress 

# » • . ■ - • •« .... »■ 

wave propagates with minimal alterations to the surface, of normal 

3 0 tissue; detecting said stress wave with at least one acoustic 

transducer; recording the amplitude and temporal profile of laser- 
induced stress wave by digital oscilloscope; analyzing the 

amplitude and temporal profile of laser-induced stress wave with 

1 • ' ' 

a computer. 

3 5 In another embodiment of the present invention, there 

is provided a novel . device as a tomography system for biomedical 
diagnostics comprising: a pulsed laser; a. light delivery system: at 
least one acoustic .detector; an. electronic system for signal 
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recording and processing; and a computer with software for image 
reconstruction and analysis. 

Other and further aspects,; features, and advantages of 
the present .invention will be , apparent from the foll<?wing 
5 description* v af : the presently preferred embodiments , of the 
invention ^given for the purpose of disclosure. 

•* * ' • ' ' **. - . * • ■ ✓ , * , • • • • • i » v 

•*' ■•■ •-* , <. i ■ 

; I BRIEF DESCRIPTION OF THE DRAWINGS 

- ... - f * " * 

10 - So that the r matter in which the above-recited features, 

- advantages and objects of the invention, as well as others which 
will become clear, are attained and can be, understood, in detail, 
more particular descriptions of the invention briefly summarized 
above may be had by reference to certain .embodiments thereof 

15 which are illustrated in the appended drawings. These drawings 
form a part of the specification. It is to be noted, however, that 
the appended drawings illustrate preferred embodiments of the 
invention and therefore are not to be considered limiting in their 
scope. 

2 0 Figure 1 shows a schematic of the laser optoacoustic 

tomography system in transmission mode. 

J Figure 2 shows that an acoustic transducer signal can 
be detected in vitro from small volume of liver placed inside large 
volume of chicken breast muscle tissue, 

2 5 Figure 3 shows that an acpustic -transducer signal can 

be detected from a phantom pathologic tissue (2.5 mm colored gel 
* sphere) embedded within large volume: of optically turbid gel 
cylinder simulating woman's \ breast. Signal recorded from gel 
cylinder in case when laser pulse misses and therefore does not 

3 0 heat small color sphere is also presented ,for comparison. 

Figure 4 shows a schematic, of laser optoacoustic 
tomography in reflection mode. 

Figure 5 shows an acoustic transducer signal detected 
in vivo from chicken cockscomb best, known model for port-wine 
3 5 stains. . * .' 

Figure 6 shows an acoustic transducer signal detected 
in vivo from small tumor located underneath the skin of mouse's 
lower back. 
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DETAILED DESCRIPTION OF THE INVENTION 

Definitions : : 

: As used hetein, the term * —laser optoacoustic 
5 tomography" refers to - a laser optoaceoustic tomography "system 
that employs detection of stress -waves reflected .from the, volume 
of their generation back to the. irradiated tissue surface. In other 
words, laser optoaceoustic tomography is a diagnostic procedure to 
obtain*' optical images* -of ■ ^ayer^/tfssue/ \tfhile detecting laser 
1 0 induced stress profiles. 

As used herein, the. ; term 3 Vtomography in reflection 
trahsmission mode"' refers 5 to « the laseF optoaceoustic .y tocography 
system of the present -invention, that employs the detection of 
stress Waves transmitted' from the volume of their generation to 
15 rear tiistie surfaces, i.e., opposite to irradiated. 

As used herein; the term /'transient stress waves" 
refers to a stress wave that 'i has limited duration , and occupies 
limited volume/ 

; As used herein, the ..term "temporal stress 
2 0 confinement" refers to the confinement of laser-induced stress 
within heated volume during the course of laser energy 

deposition. • • ■ : . v.: ; 

As used- herein, the term "time-resolved detection of 

sfress profile" refers to the detection of transient -stress waves 

2 5 with temporal resolution sufficient to, reconstruct , a pressure wave 

profile with precision. . v : . ;> 

As used herein, the term /'optical - , time-resolved 
tomography 11 * refers to a -tomography based: on .time-resolved 
detection of ultrashort laser pulses transmitted through biological 

3 0 tissue of diagnostic interest. . , 

As* used herein, the term "piezoelectric .detectors" 
refers to detectors' of * accoustic, e.g., stress waves utilizing the 
principle of electric charge generation upon a change <of volume 
within crystals 'subjected to: a pressure wave. 
3 5 As- Used herein, the term, "ultrasonic scanning" refers 

to a diagnostic procedure that employs delivery . of ultrasonic 
stress waves <: to a :tissue surface .fallowed ; by the detection of the 
signals reflected -from- boundrjes within the tissue under diagnosis. 



-V f 
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As used herein, the term "pulsed heating of tissue" 
; refers to the heating of a tissue volume irradiated with laser 
V pulses., - 

. The present invention utilizes -the -time-resolved 
5 .detection , laser-induced stress, (ultrasonic) waves to obtain 
; tomography, ^images of human organs or cellular structures for 
diagnostic purposes. Diagnostic* procedures in Which the laser 
opto-aeousxjc imaging system^ of iihe:- present invention are useful 
f include:. (Ihlishort /'laser ipulses d-eliv^red ^ tkJ the front surface of 
Q huitiajn ^organ under investigation! ■ ^LaSer wavelength must be 
, selected to achieve: desirable light;, penetration- ^depth -and maximum 

■ 

contrast .between . normal and abnormal tissues. — Heterogeneous 
absorption' of .photons and heating of tissue causes generation of 
thermo-elastic itstress that is temporarily confined in the irradiated 

5 volume.. Short laser pulses serve? three purposes: (1) obtain the 
most effective generation of transient : stress, (2) obtain a stress 
profile which resembles the profile of heterogeneous light 
distribution, (3) to obtain images with ultimate accuracy of 
localization of tissue layer or volume of diagnostic interest. 

0 Transient stress waves will propagate toward acoustic 

transducer (detector). A transducer, e.g.; a piezoelectric 
transducer, will convert the stress profile into an electrical signal. 
; The temporal profile of the electrical signal recorded by a digital 
oscilloscope is converted into a : spatial profile of a transient stress 

5 distribution,;: — Transient stress ; distribution resembles a profile of 
absorbed laser energy distribution, which in turn carries certain 
diagnostic information. Both a laser beam and a piezoelectric 
transducer (detector) are scanned over the area under diagnosis. 
Positioning of a detector at various locations permits reconstruction 

0 , of, a, three dimensional opto-acoustic image from transient stress 
profiles and time-delays between moments of laser pulsed 
irradiation and moments of stress: detection (the speed of acoustic 
waves— propagation is known for vast majority of tissues). Stress 
detection can be performed in both, :the transmission mode and the 

5 reflection ,?modc, which allows substantial flexibility for in 
vivo diagnostics of various human organs and other biological 
systems:. . 
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Laser opto-acoustic imaging systems (LOAIS) can be 
used in diagnostic screening of breast cancer (mammography), skin 
tumors and various other lesions (like port-wine stains etc.) 
whether; accessible externally or via endoscopes, detection of brain 
5 hematomas (hemorrhages), atherosclerotic lesions 1 in > blood * vessels, 
. and for general characterization of ' tissue 1 '; Composition and 
structure. In v iftdditipn, j laser opto-acoustic imaging can provide 
feedbacks information* r* during ; laser medical treatments: 

Thu^^the ; present invention is- ^directed to : a method of 
10 diagnosing^ avdisjeased tissue; within i: a? ;nor*nal T tissue rising laser 
opJpacousttiQ tomography, .comprising th'e steps of: irradiating the 
■ . surface of_ the normal tissue: with at least one laser pulse so as to 

_ * * ♦ 

penetrate; to a sufficient depth and selectively heat a small volume 
or layer of diseased tissue with a higher optical absorption; causing 

15 the diseased -tissue to produce a T stress Wave with a profile 
resembling that of diseased tissue, said stress wave propagates 
with minimal alterations to the surface of normal "tisstxe? detecting 
said stress wave with at least one acoustic transducer; recording 
the amplitude and temporal profile of- laser-induced stress wave 

2 0; by digital oscilloscope; analyzing the amplitude and temporal 
profile, of laser-induced stress wave with a computer. 

: Preferably; the stress . profiles are retarded and 
analyzed hy the computer to reconstruct tna^: three-dimensional 
image. Generally, the .laser pulse heats certain tissue structures 

2 5 with differed light absorption thereby generating ''stress profiles 

resembling profiles, of absorbed laser "energy 'distribution in 
heterogeneous tissues followed by time-resolvkd detection of 
. ultrasonic stress , wayes. The shape, and dlmensiOns-of the diseased 
tissue volume or layer is generally determined ; from- the temporal 

3 0 profile of laser-induced stress, t the time of . stress wave arrival to 

the accoustic transducer, and the direction ; of the stress detection. 

Preferably,;, the accoustic transducer is ; a piezoelectric 
detector and the acoustic transducer uses, temporal resolution. 
Ordinarily, - the transducer, determines the. . geometry of the 
3 5 diagnosed; tissue volume without scanning, of acoustic transducer at 
a fixed location • of th.e. laser beam. However,... multiple separate 
optical fibers or laser beams can be used to irradiate large volume 
of tissue to reduce time of scanning and incident laser fluence. 
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,4 

Generally, the amplitude and temporal profile of laser-induced 
stress wave is recorded by a digital oscilloscope. 

In the methods of the present invention, stress 

. . • . • ' . . 

detection can be in transmission mode and stress detection of 
5 tissue optical heterogeneities occurs at a tissue depth of up to 
about 12 cm. Alternatively, stress detection can be in reflection 
mode. Generally, the irradiating is in spectral range of therapeutic 
window from about 600 hm to about 1400 "rim. It is further 

: ; i j . . f • i • , * ■ - - ; . - ' • r • 

contemplated that one with ordinary skill in this art could use 
0 exogenous molecular probes or dyes to enhance contrast of 
tomographic image. 

• * * ■ * " f i * • • « 

Generally, the methods of the present invention may be 
used to diagnose a wide variety of diseased tissue. Preferably, the 

■ f ' * # * * * • 

diseased tissue is breast carcinoma, brain hemorrhages, 
5 hematomas, atherosclerotic plaques, polyarhtritis, port-wine stains, 
skin disorders, melanomas or ocular diseases. 

When the diseased tissue is an internal organ, the 

« c . • ■ " . - « ■ ■* • • * * • 

irradiation may be delivered via an endoscope and the acoustic 
transducer may be positioned on the skin surface. Alternatively, 

0 the irradiation may be delivered onto the skin surface and the 
transducer is incorporated with an endoscope and positioned inside 
the organs. Further, when the diseased tissue is an internal organ, 
the optical fiber and transducer may be incorporated in endoscope 
and positioned inside the organs. 

5 The present invention also provides a novel device as a 

tomography system for biomedical diagnostics comprising: a pulsed 
laser; a light delivery system; at least one acoustic detector; an 
, electronic system for signal recording and processing; and a 
computer with software for image reconstruction and analysis. 

0 The following examples are given for the purpose of 

illustrating various embodiments of the' invention and are not 
meant to limit the present invention in any fashion. 

With reference to the appended drawings, Figure 1 
illustrates one embodiment of the present invention, i.e., an 

5 example of the utility of laser : optoacoustic tomography in 
diagnosing a small diseased tissue volume (black circle) within a 
large volume of normal tissue. The laser pulse irradiates the 
surface of the normal tissue and penetrates to a sufficient depth to 
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1 *i 



selectively heat a small volume of diseased tissue with a higher 
optical absorption. Instantly, the heated volume of diseased tissue 
produces a stress wave with a profile resembling that of diseased 
tissue. The stress wave propagates with minimal alterations to the 
5 surface of normal tissue where it is detected by an Acoustic 
transducer with temporal resolution. The amplitude and temporal 
profile of laser-induced stress wave is recorded by digital 

* ■ * 'I J, . ■ r 1 . * -I 

. ,• « , I ♦ « t • * • „ " ■ • • f 

oscilloscope and transferred via an interface to a computer for data 
analysis., Scanning of laser beam (optical fiber) allows the 

0 irradiation of the entire volume of the tomograptiically scanned 
organ and definite heating of any diseased tissues that exist within 
normal tissue. Scanning of the acoustic transducer along the 
surface of the organ permits a determination of the exact location 
of any, diseased tissue volumes. The stress profiles are recorded 

5 and analyzed by the computer to reconstruct three dimensional 
images which can be displayed. 

Tomography (imaging) in stress transmission mode 
utilizes detection of stress transients transmitted from the laser- 
excited volume toward the depth through thick layers of tissue. 

0 The emphasis in, . transmission mode tomography is made on 
sensitive detection of tissue optical heterogeneities located at 
substantial depth of tissue (up to 12 cm). 

Figure 2 depicts an example of a measurement of laser- 
induced transient stress in a small piece of bovine liver tissue 

5 placed between muscle tissues slabs (chicken ^breast). Duration of 
the transient stress wave and amplitude were equal to 300 ns and 

* » • . ■ . i * « v > " ' t • ■ ■ i 

4 mbar, respectively, in accordance with sample thickness and 

• . * * ■ , , . • 

optical absorption coefficient. This experimdnt demonstrated the 
ability of laser optoacoustic tomography to detect small volumes of 
0 tissue (3 mm x 2 mm x 0.5 mm) with absorption coefficient, fi = 

0.215. cm" V, that is slightly , higher than that of surrounding tissue, 

\i a = 0.09 cm" 1 , ,at the depth of more, than 4 centimeters, 

■ 

Figure - 3 shows, an acoustic transducer signal detected 
from a phantom pathologic tissue (2.5 mm colored gel sphere) 
5 embedded within . large volume of optically turbid gel cylinder. A 
control signal was used in case the laser irradiation "missed" the 
colored sphere and is also shown.- The gel phantom simulated a 
woman's, breast , by having optical; properties . of a colored gel 

9 
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sphere similar to those found in breast carcinoma. Moreover, the 

■ 

optical properties of the surrounding gel were similar to those in a 

* m , 4 * 

woman's breast tissue. The geometry of the experiment is also 
shown. A laser pulse was delivered from one side of the gel 

5 cylinder and a transient stress wave was detected from the 
opposite side. The location of colored gel sphere which simulated 
the tumor was not known to the person who performed the 
diagnostic procedure! Simultane6us , scanning* of laser beam and 
acoustic transducer revealed both the location and dimensions of 

0 the "tumor". 1 ' 

Figure 4 shows a schematic diagram of the laser 
optoacoustic tomography of the present invention in the reflection 
mode embodiment of stress detection^ A laser pulse irradiates the 
surface of tissue with a wavelength chosen to penetrate the tissue 

5 superficially (about 1 mm) and to heat selectively all 
microstructures within the tissue with the objective of obtaining 
high contrast and high spatial resolution/ Instantly heated volume 
of layered tissue produces a stress wave that has profile indicating 
tissue structure. Stress waves were reflected toward the 

0 irradiated surface and were detected with minimal alterations by 
an acoustic transducer with nanosetond temporal resolution. Laser 
pulses were delivered to the same tissue surface where a stress 

i ' 

wave was detected. The amplitude and temporal profile of a laser- 

• • - . • . .■ . ■ * ■•• ..... . ... 

induced stress wave was recorded by a digital oscilloscope and 
5 transferred via an interface to a computer for data analysis. 
Scanning by acoustic transducef-reflectometer with the laser beam 
permited the irradiation of the entire area of diagnostic interest. 
Recorded stress profiles were' analyzed by the computer to 
reconstruct a three dimensional image which was displayed and 
0 processed by special software. 

Tomography, (imaging) in stress reflection mode utilizes 
detection of stress transients generated in superficial tissue layer 
and reflected back toward tissue surface, The emphasis in 

reflection mode tomography is made on hish spatial resolution of 

* * *. ■ 
5 measured image (up to 1.5 Jim). 

■■ - .' . ■ 

Figure 5 depicts a z-axial optoacoustic image of 
absorbed laser fluence distribution in cock's comb. The transient 

i ♦ 

stress profile induced by a 14-ns pulse at 532 nm in a cock's comb 
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of a rooster was measured in vivo by an acoustic transducer. The 
laser beam was about 1 cm in diameter. Time "0 h corresponds to a 
signal detected from the tissue surface. Distinct layers were 
observed in the cock's comb tissue. Alteration of the detected 

5 stress transient due to diffraction of acoustic waves generated in 
distributed capillary blood vessels (layer 2) yields negative signal. 
When diffraction effects are compensated, or the transient stress 
measured under diffraction-free conditions such as in a layered 
system with " homogeneous absorption within each layer, the stress 

0 profile will have only positive components. Signals 1-6, were 

i " ** i • ' * ' 

induced in blood vessels, located at different depths in the tissue. 
Numbers 1-5 correspond to the acoustic transducer signals 
detected in layers with either enhanced density of small blood 
vessels (1 and 2) or in separated large blood vessels (3, 4 and 5). 
5 The layered structure of the cock's comb is clearly depicted (the 

* • . - * i 

layer with dense small dermal blood vessels that lies just below 
the epidermis, the layer of less vascular loose connective tissue, 
the comb core laver with arteries and veins that supply the more 
superficial vascular layers of the cockscomb). The depth of their 

0 location is measured correctly if compared with cockscomb 
histology. The lateral position can be found by scanning a focused 
laser beam along the tissue surface. 

Figure 6 shows a display of a typical profile of a stress 
wave induced by nanosecond laser pulses at 532 nm in tissues of a 

5 mouse with a small tumor beneath the skin. Signals detected from 

t- A. ■ *** ^• ,/ 

the volume with cancer and from the tissue with no cancer are 

. . . ■• . * ' »•* ■• * . * 

presented for comparison. The difference between two presented 
signals indicate that breast tumor can be diagnosed with laser 

» I .■ . . \ ■ . / ■ 

optoacoustic tomography system of the present invention in a mice 
0 model in vivo. This is another example of laser optoacoustic 

« r * » f * 

tomography system of the present invention in the reflection 

; . I • • * i ^ »..•• • . 

t * ■ . • ... 

■■ ... . 4 - ... , , • ^ 

embodiment performed in vivo. The object of study was a mouse 
with a cancer modeling female's breast tumor grown inside the 
muscle of the mouse. The imaging experiment was performed 

• * • * * • * * ■ 

5 twice with two different mice with, similar tumor conditions. These 
embodiments presented demonstrated laser optoacoustic imaging 
in tissues by lime-resolved detection of laser-induced stress 

transients. 

... - • '. ' : ' : 

1 ] 
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Any patents or publications mentioned in this 
specification are indicative of the levels of those skilled in the art 
to which the invention pertains. These patents and publications 
are herein incorporated by reference to the same extent as if each 

5 individual publication was specifically and individually indicated 
to be incorporated by reference. 

One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 
obtain tfie ends and advantages mentioned, as well as those 

0 inherent therein. The present examples along with the methods, 
procedures, treatments, molecules, and specific compounds 
described herein are presently representative of preferred 
embodiments, are exemplary, and are not intended as limitations 
on the scope of the invention. Changes therein and other uses will 

5 occur to those skilled in the art which are encompassed within the 
spirit of the invention as defined by the scope of the claims. 
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WHAT IS CLAIMED IS: 



1. A method of diagnosing a diseased tissue within a 
normal tissue using laser optoacoustic tomography, comprising the 
steps of: 

irradiating the surface of the normal tissue with at 
le,ast one laser pulse so as to penetrate to a sufficient depth and 
selectively heat a small volume or layer of diseased tissue with a 
0 higher optical .absorption; 

causing the diseased tissue to produce a stress wave 
with a profile resembling that of diseased tissue/ said stress wave 
propagates with minimal alterations to the surface of normal 

i : • . " : ....... 

* ' . *■ • ' « - - • - ■ ■ . . . ,i .. . ■ ; 

tissue; 

** * " ■ . * ' ' ' ' * ■ " *' ■ * ■ . • 

5 detecting said stress wave with at least one acoustic 

. • . . .: . 'J • , ; ■ < . • ' ; - : ■ 

transducer; 

recording the amplitude and temporal profile of laser- 
induced stress wave by digital oscilloscope; 

analyzing the amplitude and temporal profile of laser- 
0 induced stress wave with a computer. 

2. The method of claim 1, wherein said stress 
profiles are recorded and analyzed by the computer to reconstruct 
a three-dimensional image. 

5 

3. The method of claim 1, wherein said laser pulse 
heats certain tissue structures with different light absorption 
thereby generating stress profiles resembling profiles of absorbed 
laser energy distribution in heterogeneous tissues followed by 

0 time-resolved detection of ultrasonic stress waves. 

4. The method of claim 1, wherein the shape and 
dimensions of said diseased tissue volume or layer is determined 
from the temporal profile of laser-induced stress, the time of stress 

5 wave arrival to the accoustic transducer, and the direction of the 
stress detection. 



WO 97/27801 PCT/US97/01815 

5. The , method of- claim 1, wherein the accoustic 
transducer is a piezoelectric detector. . 

,6;v, The method of- claim. 1, wherein said stress wave 
5 is detected with an acoustic transducer using temporal resolution. 



i—~.t 
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im I, wherein said transducer 
determines the^: geometry; of; .the diagnosed, tissue volutne without 
scanning of acoustic transducer at fix?d location of laser beam. 
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8. The method of claim 1, wherein said multiple 
separate optical fibers, or laser beams irradiate large volume of 
© ' tissue to reduce time-; of scanning and incident laser fluence. 



15 9. The method of claim.. 1,- wherein said amplitude 

and temporal profile of laser-induced stress wave is recorded by a 
digital oscilloscope. 
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10. The method of claim 1, wherein said stress 



CS 2 0 detection is in transmission mode. 



25 



11. The method of claim 1,. wherein said stress 
detection of tissue optical heterogeneities occurs at a tissue depth 
of up to about 12 cm. 

i ■ . i 

■ * ' 

12. The method of claim 1, wherein said stress 
detection is in reflection mode. 



13: The method of claim 1, wherein said irradiating is 
3 0 in spectral range of from about 600 nm to about 1400 rim. 

14. The method of claim 1, wherein said irradiating is 
at at a wavelength that corresponds to the absorption band of 
molecules, cells or tissues of diagnostic interest. 
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15. The method of claim 1, further comprising the use 
of exogenous molecular probes or dyes to enhance contrast of 
tomographic image. 
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16. The method of claim 1, wherein said diseased 
tissue is selected from the group consisting of breast carcinoma, 
brain hemorrhages, hematomas, atherosclerotic plaques, 

5 polyarhtritis, pori-wihe stains, skin disorders, melanorrfas and 
ocular diseases. : 

17. The method of claim 1, wherein said diseased 
tissufe is ah ihtefnaf ; efgan, ihd^' wherein irTadiation- is;, delivered via 

10 ' endoscopes' ittcf'said acdusiic : tr&n*s'du£er 'AsJ'positionsd'on the skin 
surface. 

fc " ■ * .... : . , . . * . « 

- : * ' : 18: The method -oT claim i 1, .wherein $&id diseased 

■ 

tissue is an internal i organ/ and wherein irradiation is delivered 

1 5 onto the skin surface and said transducer is incorporated with an 

endoscope and positioned inside the : organs. 

19. The method of claim 1, whferein 'said diseased 
tissue is an internal organ, and wherein an optical fiber and 

2 0 transducer are incorporated' in endoscope and positioned inside the 

organs. ; * ! ■-".*..■'! ; , . 

* 20. A' * tomography system for biomedical diagnostics 
comprising: - * 7 ^: , 4 r- t ^ v o ;r', : ..v : 

2 5 a pulsed laser; " I . . -.y. -*r 

a light delivery system; 

at least ! one acoustic = detector; 

an electronic system . for .signal 'recording and 
processing; and 

3 0- a --computer* with software for image reconstruction and 

analysis. - i . : , 
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